Introduction {#s1}
============

Hepatocellular carcinoma (HCC) is considered worldwidely to be one of the most malignant tumors ([@B1]). Today, with the increasingly aging global population, the proportion of elderly patients (age \>= 65 years) with HCC is also becoming higher and higher each year ([@B2]). Elderly patients with HCC usually have worse prognostic survivals than younger patients do due to their poor health status or comorbidities, such as COPD (chronic obstructive pulmonary disease), cerebral stroke, and organ dysfunctions ([@B3]). It is therefore very challenging to find the best treatments of geriatric patients with HCC. And there are really some very special and distinctive characteristics in nursing and surgeries, especially for those diagnosed with stage I--II HCC (AJCC edition 6). On the one hand, there are many therapy options for them ([@B4]), including surgeries (e.g., segmental liver resection, hemihepatectomy, liver transplantation), radiation, and chemotherapy; on the other hand, controversy remains over which kinds of treatments are better for them, offering longer survival and less invasiveness, in an era of liver donor shortage ([@B5]). It is also undetermined whether these elderly patients benefit substantially more from the more radical surgical therapies, e.g., hemihepatectomy or liver transplantation, compared with the less invasive surgeries, such as radio-frequency ablation or segmental liver resection. For the present, there are few studies that investigate this issue with convincing and dependable huge-scale data such as ours ([@B6], [@B7]).

As of now, the large Surveillance, Epidemiology, and End Results (SEER) database in the USA, which covers almost 28% of the US population ([@B8]), is an ideal and perfect data pool for oncologic studies worldwide ([@B9], [@B10]). In this study, we sampled the elderly patients (age \>= 65 years, stage I--II HCC) from the SEER database to try to determine whether more radical surgeries should be suggested for them and to explore the highest-impact and key factors for survival, particularly when liver transplantation is not available.

Patients and Methods {#s2}
====================

Data Source
-----------

The SEER database (version 2019) is a public, free clinical records platform ([@B11], [@B12]) that comprises demographic and oncologic information of cancer patients from 18 registries across the USA, renewed online every year. In this research, we used SEER-stat software (version 8.3.5) to obtain the clinical data of those patients who were age \>= 65 years, diagnosed as stage I--II HCC (AJCC edition 6), and hospitalized between January 1, 2004, and December 31, 2011. The overall regime of our research design is shown in the flowchart in [Supplementary Figure 1](#SM2){ref-type="supplementary-material"}.

Study Cohort
------------

A total of 2,371 patients were finally sampled as Cohort 1. Since some variables, such as the specific surgery, tumor size, grade of morphology, and age, are highly involved in the prognostic outcome of HCC treatments, we excluded patients without complete data on these variables. Besides, follow-up months, overall vital status, and the cause-specific death variable were vital for the OS (overall survival) and CSS (cancer-specific survival) analysis, so we also ruled out patients without complete ascertainment and definite information on these parameters. Patients who did not have HCC diagnosis as their only or first of more than one tumors were also excluded. In order to reduce the influence of the confounding factors further, we used the PSM (propensity score matching) method to mimic randomized controlled trials (RCT) by producing a more balanced new dataset, Cohort 2, with 1,492 patients (746 pairs) in all. The PSM was based on logistic regression analysis of the variables in Cohort 1, which covered nearly all items except the grouping variable, Specific Surgery.

Demographic and Clinical Data Pretreatment
------------------------------------------

The patients were divided broadly into Non-surgery and Surgery groups. Some layers of the variables from the original data were merged. For example, the Larger Resection group was the integration of the lobectomy and the extended lobectomy in SEER. Furtherly, we regrouped the patients by Specific Surgery, which was composed of None, Local Destruction (local tumor destruction, e.g., Radio-Frequency Ablation), Segmental Resection (covering wedge resection), Larger Resection (including lobectomy and extended lobectomy), and Liver Transplantation. Although there is very limited information about the Radiation and Chemotherapy of the patients in SEER, we attempted to cover these variables by transforming them into binaries with two levels (No and Yes). AFP and Fibrosis score data were also collected in our study.

Statistical Analysis
--------------------

The baseline demographic data for Non-surgery and Surgery groups were compared through the Student\'s *t*-test or χ2 test. Patients still alive at December 31, 2011, were censored in the OS analysis, while, in the CSS analysis, those who died from other disease causes except HCC were also censored. The accumulated OS and CSS probabilities were plotted, respectively, and the differences between the two groups were compared by the Kaplan-Meier method with a log-rank test. Cox proportional hazards regression analyses were performed with both a univariate model and a multivariate model in Cohort 1. Besides, the stratification analyses of Age, Grade of morphology, Tumor size, and HCC Stage were wholly conducted in a cross-table by Specific Surgery (including five sub-groups). In addition, a forest plot of hazard ratios was made from the multivariate CSS Cox analysis in Cohort 2.

All statistical tests were evaluated by the significance criterion *P* \< 0.05 (two-sided), and the hazard ratios with 95% confidence interval (CI) are also shown in the study. All statistical analyses were conducted using SPSS 23.0 for Windows (SPSS, Chicago, IL, USA) and R software (version × 64 3.5.3). The Institutional Ethics Committee of The Second Affiliated Hospital of Zhejiang University School of Medicine considered the study exempt.

Results {#s3}
=======

In our study, 2,371 patients with an affirmative diagnosis of stage I--II HCC and older than 64 years old were selected from the SEER database as Cohort 1. Among these cases, there were 1,283 patients who received surgical treatments, including Local Destruction (LD), Segmental Resection (SR), Larger Resection (LR), Liver Transplantation (LT), while 1,088 cases did not. The baseline demographic characteristics are shown in [Table 1](#T1){ref-type="table"}. Those who received surgical treatments were a little younger than the Non-surgery patients, 72.1(±5.73) years old vs. 75.1(±6.84) years old, *P* \< 0.001. There were no statistical differences (*P* \> 0.05) between the Non-surgery and Surgery groups in some variables, namely Gender, Year at diagnosis, and Stage (AJCC edition 6), while the statistical differences can be seen in the other variables. The median follow-up times of the Non-surgery and Surgery groups were 11 months (95% CI: 9.74--12.26) vs. 49 months (44.80--53.21) in OS, and 14 months (12.33--15.67) vs. 74 months (64.74--83.26) in CSS, respectively. As shown in both OS (*P* \< 0.0001) and CSS (*P* \< 0.0001) plots ([Supplementary Figure 2](#SM3){ref-type="supplementary-material"}), the Surgery group had a higher survival curve than the Non-surgery group. In the CSS survival Cox proportional hazard ratio models of both univariate analysis (UVA) and multivariate analysis (MVA), it was demonstrated that the survival probabilities were robustly associated with certain factors, e.g., Surgery overall (MVA: HR, hazard ratio, 0.76; 95% CI: 0.76--0.76; *P* \< 0.001), Tumor size (\>= 1 cm and \<3 cm) (MVA: HR, 1.66; 95% CI: 1.44--1.92; *P* \< 0.001), and Poor differentiation (MVA: HR, 1.57; 95% CI: 1.34--1.83; *P* \< 0.001) ([Table 2](#T2){ref-type="table"}). Intriguingly, the variable Age was statistically correlated with worse CSS survival only in the univariate Cox model (UVA: HR, 1.04; 95% CI: 1.03--1.05; *P* \< 0.001), while the Stage (AJCC edition 6) factor became associated with worse CSS survival only in the multivariate Cox model (MVA: HR, 1.25; 95% CI: 1.11--1.40; *P* \< 0.001). Further, in the stratification analyses (Age, Tumor size, Grade of Morphology, and Stage) of the univariate CSS Cox model ([Table 3](#T3){ref-type="table"}), it was shown that Liver Transplantation had the best survival in nearly all ages bands: HR 0.13 (CI: 0.09--0.20) in 65--69, HR 0.06 (CI: 0.03--0.15) in 70--75, HR 0.11 (CI: 0.02--0.78) in 80+. Meanwhile, Larger Resection had better survival than Segmental Resection only in the 65--69 age band, HR 0.33 (CI: 0.24--0.44) vs. HR 0.38 (CI: 0.29--0.50). However, unexpectedly, at Age \>= 70, Larger Resection did not show better survival than Segmental Resection. Similar results could be noticed in some other variables, e.g., Tumor size \>= 1 cm and Stage II ([Table 3](#T3){ref-type="table"}).

###### 

Baseline characteristics.

  **Terms**                                        **No. of Patients (%)**   ***P*-value**   
  ------------------------------------------------ ------------------------- --------------- --
  **Age (years)**                                  \<0.001                                   
    mean (SD)                                      75.1 (6.84)               72.1 (5.73)     
  **Age group**                                    \<0.001                                   
    65-69 years                                    276 (25.4)                520 (40.5)      
    70-74 years                                    273 (25.1)                366 (28.5)      
    75-79 years                                    232 (21.3)                239 (18.6)      
    \>= 80 years                                   307 (28.1)                158 (12.3)      
  **Gender**                                       0.827                                     
    Female                                         348 (32.0)                405 (31.6)      
    Male                                           740 (68.0)                878 (68.4)      
  **Year at diagnosis**                            0.351                                     
    2004--2006                                     315 (29.0)                401 (31.3)      
    2007--2009                                     439 (40.3)                484 (37.7)      
    2010--2011                                     334 (30.7)                398 (31.0)      
  **Race**                                         \<0.001                                   
    White                                          759 (69.8)                822 (64.1)      
    Black                                          107 (9.8)                 93 (7.2)        
    A.I./A.N.[^\*^](#TN1){ref-type="table-fn"}     14 (1.3)                  10 (0.8)        
    Asian / P.I.[^Δ^](#TN2){ref-type="table-fn"}   207 (19.0)                356 (27.7)      
    Unknown                                        1 (0.1)                   2 (0.2)         
  **Marital status**                               \<0.001                                   
    Unmarried                                      447 (41.1)                403 (31.4)      
    Married                                        607 (55.8)                849 (66.2)      
    Unknown                                        34 (3.1)                  31 (2.4)        
  **Stage (AJCC 6th)**                             0.427                                     
    I                                              761 (69.9)                878 (68.4)      
    II                                             327 (30.1)                405 (31.6)      
  **Grade of morphology**                          \<0.001                                   
    Well                                           501 (46.0)                416 (32.4)      
    Moderately                                     415 (38.1)                644 (50.2)      
    Poorly                                         160 (14.7)                197 (15.4)      
   Undifferentiated                                12 (1.1)                  26 (2.0)        
  **Tumor size**                                   \<0.001                                   
     \<1 cm                                        864 (79.4)                1166 (90.9)     
    \>=1 and \<3 cm                                212 (19.5)                114 (8.9)       
    \>=3 cm                                        12 (1.1)                  3 (0.2)         
  **Radiation**                                    \<0.001                                   
    None                                           1017 (93.5)               1257 (98.0)     
    Yes                                            71 (6.5)                  26 (2.0)        
  **Chemotherapy**                                 \<0.001                                   
    None                                           636 (58.5)                1031 (80.4)     
    Yes                                            452 (41.5)                252 (19.6)      
  **AFP**                                          0.002                                     
    Negative                                       273 (25.1)                410 (32.0)      
    Borderline                                     2 (0.2)                   2 (0.2)         
    Positive                                       534 (49.1)                554 (43.2)      
    Unknown                                        279 (25.6)                317 (24.7)      
  **Fibrosis score**                               \<0.001                                   
    0-4                                            52 (4.8)                  175 (13.6)      
    5--6                                           147 (13.5)                229 (17.8)      
    Unknown                                        889 (81.7)                879 (68.5)      

*American Indian/Alaska Native*;

*Asian/Pacific Islander*.

###### 

Univariate and multivariate analysis of CSS Cox model.

  **Terms**                 **Univariate Cox analysis**   **Multivariate Cox analysis**                                   
  ------------------------- ----------------------------- ------------------------------- --------- ------ -------------- ---------
  **Age**                   1.04                          (1.03--1.05)                    \<0.001   1.02   (0.99--1.05)   0.129
  **Age group**                                                                                                           
   65--69 years             1.00                                                                    1.00                  
   70--74 years             1.17                          (1.02--1.34)                    0.026     0.91   (0.75--1.11)   0.345
   75--79 years             1.57                          (1.36--1.82)                    \<0.001   1.02   (0.75--1.39)   0.895
   \>=80 years              1.89                          (1.63--2.18)                    \<0.001   0.89   (0.55--1.44)   0.645
  **Gender**                                                                                                              
   Female                   1.00                                                                    1.00                  
   Male                     0.90                          (0.81--1.00)                    0.055     0.96   (0.85--1.07)   0.447
  **Year of diagnosis**                                                                                                   
   2004--2006               1.00                                                                    1.00                  
   2007--2009               0.95                          (0.84--1.07)                    0.382     0.90   (0.80--1.03)   0.117
   2010--2011               0.85                          (0.75--0.98)                    0.021     0.81   (0.71--0.93)   0.003
  **Race**                                                                                                                
   White                    1.00                                                                    1.00                  
   Black                    1.15                          (0.96--1.38)                    0.139     1.03   (0.85--1.24)   0.761
   A.I./A.N.^∮^             0.89                          (0.52--1.54)                    0.680     0.87   (0.50--1.52)   0.635
   Asian/P.I.^§^            0.67                          (0.59--0.77)                    \<0.001   0.67   (0.59--0.76)   \<0.001
   unknown                  1.47                          (0.37--5.90)                    0.585     1.91   (0.47--7.71)   0.363
  **Marital status**                                                                                                      
   Unmarried                1.00                                                                    1.00                  
   Married                  0.82                          (0.74--0.91)                    0.000     0.93   (0.83--1.04)   0.211
   Unknown                  0.78                          (0.56--1.09)                    0.153     0.83   (0.60--1.17)   0.293
  **Stage (AJCC 6th)**                                                                                                    
   I                        1.00                                                                    1.00                  
   II                       1.06                          (0.95--1.18)                    0.295     1.25   (1.11--1.40)   0.000
  **Grade of morphology**                                                                                                 
   Well                     1.00                                                                    1.00                  
   Moderately               0.90                          (0.81--1.01)                    0.080     1.14   (1.01--1.28)   0.032
   Poorly                   1.31                          (1.13--1.52)                    0.001     1.57   (1.34--1.83)   \<0.001
   Undifferentiated         1.10                          (0.73--1.66)                    0.644     1.39   (0.92--2.11)   0.121
  **Tumor size**                                                                                                          
    \<1 cm                  1.00                                                                    1.00                  
   \>=1 and \<3 cm          1.97                          (1.72--2.26)                    \<0.001   1.66   (1.44--1.92)   \<0.001
   \>=3 cm                  1.76                          (0.97--3.18)                    0.063     1.23   (0.68--2.24)   0.499
  **Specific surgery**                                                                                                    
  None                      1.00                                                                    1.00                  
   LD\*                     0.44                          (0.38--0.51)                    \<0.001   0.58   (0.58--0.58)   \<0.001
   SR\*\*                   0.28                          (0.24--0.33)                    \<0.001   0.34   (0.34--0.34)   \<0.001
   LR\*\*\*                 0.29                          (0.25--0.35)                    \<0.001   0.32   (0.32--0.32)   \<0.001
   LT^Δ^                    0.09                          (0.07--0.13)                    \<0.001   0.12   (0.12--0.12)   \<0.001
   Surgery overall          0.30                          (0.27--0.33)                    \<0.001   0.76   (0.76--0.76)   \<0.001
  **Radiation**                                                                                                           
   None                     1.00                                                                    1.00                  
   Yes                      1.31                          (1.03--1.66)                    0.030     0.87   (0.68--1.11)   0.275
  **Chemotherapy**                                                                                                        
   None                     1.00                                                                    1.00                  
   Yes                      1.09                          (0.97--1.21)                    0.134     0.72   (0.64--0.81)   \<0.001
  **AFP**                                                                                                                 
   Negative                 1.00                                                                    1.00                  
   Borderline               1.06                          (0.34--3.30)                    0.923     1.39   (0.44--4.35)   0.576
   Positive                 1.54                          (1.36--1.75)                    \<0.001   1.37   (1.20--1.57)   \<0.001
   Unknown                  1.48                          (1.29--1.71)                    \<0.001   1.39   (1.20--1.61)   \<0.001
  **Fibrosis score**                                                                                                      
   1--4                     1.00                                                                    1.00                  
   5--6                     1.41                          (1.12-1.76)                     0.003     1.27   (1.00-1.61)    0.046
   Unknown                  1.71                          (1.41-2.07)                     \<0.001   1.17   (0.96-1.43)    0.12

*Univariate and multivariate analysis of CSS Cox proportional hazard ratio analysis before propensity score matching. CSS, cancer-specific survival; A.I./A.N.^∮^ American Indian/Alaska Native; Asian/P.I.^§^ Asian/Pacific Islander; LD\*, Local Destruction; SR\*\*, Segmental Resection; LR\*\*\*, Larger Resection, LT^Δ^, Liver Transplantation*.

###### 

Stratification analysis.

  **Strata**                **Non-surgery**   **Local destruction**   **Segmental resection**   **Larger resection**   **Liver transplantation**
  ------------------------- ----------------- ----------------------- ------------------------- ---------------------- ---------------------------
  **Age group**                                                                                                        
   65--69 years             276               127                     135                       126                    132
                            1                 0.51 (0.40--0.67)       0.3 8 (0.29--0.50)        0.33 (0.24--0.44)      0.13 (0.09--0.20)
   70--74 years             273               105                     127                       97                     37
                            1                 0.49 (0.37--0.65)       0.29 (0.21--0.38)         0.30 (0.22--0.41)      0.06 (0.03--0.15)
   75--79 years             232               91                      81                        64                     3
                            1                 0.37 (0.27--0.49)       0.23 (0.16--0.32)         0.26 (0.18--0.38)      0.11 (0.02--0.78)
   \>=80 years              307               58                      52                        47                     1
                            1                 0.41 (0.28--0.58)       0.21 (0.13--0.32)         0.32 (0.21--0.49)      --
  **Tumor size**                                                                                                       
    \<1 cm                  864               366                     369                       258                    173
                            1                 0.48 (0.41--0.56)       0.30 (0.26--0.36)         0.28 (0.23--0.35)      0.10 (0.07--0.14)
   \>=1 and \<3 cm          212               15                      25                        74                     0
                            1                 0.41 (0.22--0.77)       0.25 (0.15--0.43)         0.29 (0.21--0.41)      --
   \>=3 cm                  12                0                       1                         2                      0
                            1                 --                      0.01 (0.00--17.77)        0.02 (0.00--5.17)      --
  **Grade of morphology**                                                                                              
   Well                     501               176                     103                       74                     64
                            1                 0.42 (0.34--0.52)       0.25 (0.18--0.34)         0.23 (0.16--0.34)      0.09 (0.05--0.16)
   Moderately               415               163                     212                       183                    86
                            1                 0.46 (0.37--0.58)       0.27 (0.21--0.34)         0.28 (0.22--0.36)      0.09 (0.05--0.14)
   Poorly                   160               40                      67                        67                     23
                            1                 0.45 (0.30--0.68)       0.30 (0.21--0.43)         0.29 (0.20--0.42)      0.41 (0.28--0.61)
   Undifferentiated         12                2                       13                        10                     1
                            1                 0.08 (0.08--0.69)       0.11 (0.03--0.35)         0.14 (0.04--0.48)      --
  **Stage (AJCC 6th)**                                                                                                 
   I                        761               273                     294                       220                    91
                            1                 0.40 (0.33--0.48)       0.25 (0.21--0.30)         0.28 (0.23--0.35)      0.09 (0.06--0.14)
   II                       327               108                     101                       114                    82
                            1                 0.58 (0.44--0.74)       0.39 (0.29--0.52)         0.31 (0.23--0.41)      0.09 (0.06--0.15)

*Cancer-specific survival comparison stratified by age group, tumor size, grade of morphology, and AJCC stage before PSM. PSM, propensity score matching; HR, hazard ratio; CI, confidence interval*.

After PSM, in Cohort 2 with 1,492 cases (746 pairs), the distributions became more balanced in nearly all of the variables ([Supplementary Table 1](#SM1){ref-type="supplementary-material"}), and more detailed survival plots were completed on OS and CSS. As depicted, the Non-surgery group had a lower survival curve than the Surgery group did, and Liver Transplantation had the highest survival curve (*P* \< 0.0001) ([Figure 1](#F1){ref-type="fig"}). It is also shown that Larger Resection had a better survival curve than Local Destruction but a worse one than Segmental Resection and Liver Transplantation, both in the OS (*P* \< 0.0001) and CSS (*P* \< 0.0001). The results of the multivariate CSS Cox analysis of Cohort 2 are clearly demonstrated in the forest plot in [Figure 2](#F2){ref-type="fig"}. In accordance with the stratification results of Cohort 1, Liver Transplantation was the best protective factor (*P* \< 0.001), and Larger Resection did not show a better survival (*P* \< 0.001) than did Segmental Resection.

![OS (Overall Survival) and CSS (Cancer Specific Survival) analyses of HCC (Hepatocellular Carcinoma) patients in Cohort 2 after PSM (Propensity Score Matching).](fonc-10-00479-g0001){#F1}

![Hazard Ratio in CSS Cox analysis after PSM. CSS, cancer specific survival; PSM, propensity score matching; LD\*, Local Destruction; SR\*\*, Segmental Resection; LR\*\*\*, Larger Resection, LT^Δ^, Liver Transplantation. Global events: 968; Global *p*-value (Log-Rank): 2.8355e-90.](fonc-10-00479-g0002){#F2}

Discussion {#s4}
==========

Given the increasing population of elderly people worldwide, geriatric patients constitute a large proportion of HCC patients each year, but only a few studies have focused on the optimization of surgical treatments for them ([@B13], [@B14]). In our study, all of the patients who received surgical treatments, including Local Destruction, Segmental Resection, Larger Resection, and Liver Transplantation, had better survival than did the Non-surgery patients, which is consistent with the previous studies ([@B2], [@B10], [@B12]). Among the Surgery groups, Liver Transplantation was the best treatment on the condition that there were enough liver donors. Local Destruction, such as via RFA (radio-frequency ablation) or PEI (percutaneous ethanol injection), was implicated as having a worse survival rate than other surgeries, which was also reported previously ([@B4], [@B15], [@B16]). However, unexpectedly, the Larger Resection sub-group (extended liver resection, e.g., hemihepatectomy or lobectomy) was not associated with better survival than Segmental Resection (including wedge resection, usually less than a hemihepatectomy or lobectomy). Meanwhile, some authors ([@B17]) might think that RFA has good indications for HCC patients with tumor size \<2 cm and no vascular invasion, but this is not true in our study. We found that Local Destruction had higher HRs than did Segmental Resection, at both Stage I (level 1) and Stage II (level 2). Accordingly, in all age groups and tumor size groups, Local Destruction had higher HRs than did surgery groups ([Table 3](#T3){ref-type="table"}). Local Destruction, such as via RFA, may enable good control of local foci in the near future, but it is usually associated with higher recurrence rates and higher death rates in long-term follow-up ([@B18]). Therefore, if liver transplantation was not available, for the elderly patients with stage I--II HCC, wedge or segmental liver resection would be better choices for longer survival associated with relatively less invasiveness and a faster post-operational recovery.

In order to interrogate the significant factors that impact the survival of elderly patients with Stage I--II HCC, the precise selection of the patients is an important prerequisite, such as Age \>= 65 years old, with confirmative clinical diagnosis of HCC. Those without HCC as the only primary cancer or as the first of more than one tumors and those without complete clinical data (e.g., follow-up time, morphological information) were both ruled out to make our study more convincing and rigorous. In addition, the cut-off line of the research interval was also very meaningful. Since the latest SEER data available online are always lagging behind by about 3 years and the present SEER coding system began in 2004, we chose the period 2004--2011 so that each patient in our study had the potential to help to calculate the 5 year survival rate. All of these methods were taken to ensure a more balanced and reasonable dataset, although the sample size of patients became smaller than in previous studies ([@B2], [@B19]).

In fact, we have collected as many variables as possible in [Table 2](#T2){ref-type="table"}, based on the available data from the SEER database. We have not screened out any variables from the UVA to MVA model, since all the possible factors and their overall effects should be considered in the end, which is much more necessary and dependable in reality. We found that Surgery, Tumor size, and Poor differentiation of morphology are the impactive factors for the post-operation survival in both the UVA and MVA of Cohort 1. Age is an influential factor in survival in UVA, but the effects are not obvious in MVA, which may be due to the sample size no being large enough. Stage is one of the key factors in MVA, and emphasis should be placed upon it in overall analyses ([@B20]).

Our study is clinical-value-oriented, and it becomes much more scientifically persuasive after stratification and PSM, based on the giant SEER database ([@B21]). Age, Tumor size, Grade of morphology, and AJCC Stage often have vital impacts on HCC patients\' survival, so it was deemed necessary to perform a stratification analysis with the original data of Cohort 1. This revealed that segmental or wedge liver resection is generally a better choice for elderly patients above 69 years with Stage I--II HCC when liver transplantation is not available. This is somewhat different from some other research findings ([@B4], [@B16], [@B22], [@B23]). After PSM, in Cohort 2, there were no statistical differences (*P* \> 0.05) between the Non-surgery and the Surgery groups in nearly all variables, so the effects of different surgeries could be more clearly compared. As shown in the forest plot, for those elderly people with stage I--II HCC, Larger Resection (extended surgery) does not show better survival than Segmental Resection does, which is consistent with the results of Cohort 1. As far as we know, this point has been reported for the first time in our study with the giant SEER dataset. It may provide some help to surgeons when they are confronted with the dilemma of how to make the best choice for geriatric patients with early-stage HCC with a poor health status when liver transplantation is unavailable.

However, there are also some drawbacks that need to be noticed. In fact, there is a lot of information that is unavailable in SEER but is closely correlated with post-operative survival, such as the details of the surgery, laboratory results, post-operational radiation, and systemic chemotherapy, as well as the performance status and severity of dysfunction of the liver or other organs ([@B7], [@B16], [@B20], [@B24]). Although the fibrosis score is provided, it is not sufficient to estimate the severity of cirrhosis. Also, staging information is only for the TNM system (American Joint Committee on Cancer), and there is not enough data to enable staging with the BCLC (Barcelona Clinical Liver Cancer) stage system, in which Child-Pough classification and performance status are considered ([@B19]). Besides, there also is no information about comorbidities, such as chronic obstructive pulmonary disease (COPD), coronary artery disease, and renal dysfunction ([@B3]), which are often seen in elderly patients. The specifics of chemotherapy, such as whether TACE (transarterial embolization) ([@B25]) or preoperative adjuvant chemotherapy ([@B5]) were used, is not available in SEER either. In addition, although we performed PSM to decrease the impacts of confounders and to abolish the selection bias to some degree, there are still some flaws in PSM itself ([@B12]), e.g., the smaller scale and the undermined representativeness after PSM, so the conclusions should be taken prudently. We may, in future, perhaps be able to draw on the Medicare Billing database ([@B5], [@B13]) for more comprehensive clinical data to make a more objective, reasonable, and convincing study of geriatric patients.

Conclusion {#s5}
==========

In summary, it is cautiously recommended that surgeries for elderly patients with stage I--II HCC have much better survival outcomes than non-surgical choices do, based on the limited data of SEER. Wedge or segmental liver resection has better survival than do the other surgeries (including local tumor destruction, extended liver resection, etc.) when liver transplantation is not available. More prospective randomized controlled clinical trials with a larger number of patients may be needed for further validation.
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